Introduction
Nearly 14 percent of public school students have disabilities and receive services under the Individuals with Disabilities Education Act (IDEA) (U.S. Department of Education 2006). Achievement levels for these students are substantially below their typical peers. Nationwide, more than three-quarters of students with disabilities score below the overall mean achievement level, compared to half of students in the general population (Wagner et al. 2006) . Similarly, in Texas the mean achievement level for fourth graders with disabilities is two-thirds of a standard deviation below that of their typical peers.
The gap widens to over one-standard deviation by seventh grade (Hanushek, Kain, and Rivkin 2002) .
Concern over the academic performance of students with disabilities has been heightened by the No Child Left Behind Act's (NCLB's) "adequate yearly progress" (AYP) standards. These standards must not only be achieved for the student population as a whole, but also by identifiable sub-groups of students, including those with disabilities. The result has been that over 13 percent of schools that do not meet AYP standards fail solely because they have not achieved the standards established for their students with disabilities (Soifer 2006) .
Research on the performance of the general student population has produced a general consensus that the most important school-based determinant of student achievement is teacher quality (Rockoff 2004; Rivkin, Hanushek, and Kain 2005; Aaronson, Barrow, and Sander 2007; Harris and Sass 2008) . Thus the logical starting point for any policy to address the achievement of students with disabilities is the quality of teachers instructing special education students. However, little is known about the effect of teacher quality on the ability of teachers to promote achievement and enhance educational outcomes for students with disabilities. We seek to fill this void by focusing on the relationship between the achievement of students with disabilities and various aspects of teacher training, including formal pre-service university education, in-service professional development, and informal training acquired through on-the-job experience. Determining the relationship between teacher training and student outcomes is particularly important given the difficulty schools face in the adequate staffing of special education programs. Over 12 percent of teachers employed to provide special education services to children ages 6-21 are not fully certified compared to 10.5 percent of teachers in general education ; U.S. Department of Education n.d.a.). High percentages of uncertified educators staffing special education programs enter teaching each year (Billingsley, Fall, and Williams 2006) . Evidence suggests that these uncertified teachers are less likely to stay in their positions (Miller, Brownell, and Smith 1999) and attrition rates among beginning teachers with minimal preparation are twice as high compared to those with more extensive preparation (Boe, Cook, and Sunderland 2006) . Our work has potentially important implications for a variety of policy issues including the composition of both general education and special education teacher training programs, "alternative" certification programs for special education teachers, and recruitment and retention policies for special education teachers.
Previous Literature
In recent years a growing body of literature has emerged that relates both direct and indirect measures of teacher human capital to the impact teachers have on student achievement, also known as teacher "value-added." While these studies shed light on the relationship between teacher training and teacher quality in the general student population, there are few quantitative studies focusing on special education teachers. Even so, only a handful of studies investigate the general effects of special education programs on achievement of students with disabilities. However, a number of previous studies have investigated the training of special education teachers and how that training influences their classroom practices. We discuss these three strands of literature below.
Teacher Training and Student Achievement in the General Student Population
Numerous studies in recent years have investigated the relationship between various teacher characteristics and the performance of students they teach (see Harris and Sass 2008 for a review).
Most include general measures of teacher experience and attainment of advanced degrees, but relatively few contain specific measures of pre-service preparation or in-service professional development.
Three studies consider the impact of college coursework on subsequent teacher performance. Betts, Zau, and Rice (2003) , using data from San Diego, find that elementary school teachers with degrees in education outperform teachers who majored in science, but have lower value-added than teachers with other majors. In middle and high school, teachers with majors in the social sciences have higher value-added than their colleagues who graduated from colleges of education. Surprisingly, Betts et al. (2003) find that math majors are no different in affecting student math scores compared with education majors. Aaronson, et al. (2007) find little or no difference in teacher effectiveness among Chicago Public School teachers with different college majors. Harris and Sass (2008) find that, after controlling for entrance exam scores, math majors are less effective at teaching high school math in Florida than are students with other majors. However, college major is unrelated to teacher performance in reading instruction or in math instruction in elementary and middle school. Similarly, the results for specific coursework are quite mixed, with no significant differences when pre-college ability is taken into account.
Another group of studies takes a broader view of teacher preparation, comparing teachers who completed a traditional university based teacher preparation program with teachers who entered the profession from various "alternative routes," generally encompassing people whose college major was something other than education. Three recent studies focus on the Teach for America (TFA) program, which recruits graduates of elite colleges and universities to teach in high-poverty schools. Two of the three studies, Boyd, et al. (2006) and Kane, Rockoff, and Staiger (2006) analyze elementary and middle school TFA teachers in New York City while Xu, Hannaway, and Taylor (2009) consider the relative effectiveness of TFA teachers at the high school level in North Carolina. Boyd et al. (2006) find TFA teachers are just as effective as traditionally prepared teachers in math but less effective than teachers who completed a preparation program in English Language Arts (ELA) instruction. The effectiveness differential in ELA is driven primarily by results for rookie teachers; after the first year, TFA teachers and traditionally-prepared teachers are equally effective in teaching ELA. Kane et al. (2006) perform a similar analysis, but have an additional year of data and can produce more precise estimates of the effectiveness of alternatively certified teachers. In their study, TFA teachers are found to be more effective than traditionally prepared teachers in math, but no different in ELA instruction. Xu et al. (2009) find that TFA teachers are more effective than traditionally prepared teachers across eight math, science and English courses in which end-of-course exams are given.
Two other studies, Sass (2008) and Constantine et al. (2009) conduct analyses of a more diverse set of alternative certification programs. Sass finds, depending on the grade level and exam used to measure achievement, in some cases alternatively certified teachers outperform traditionally prepared teachers in promoted math achievement. However, in general he finds little difference in the effectiveness of alternatively certified and traditionally prepared teachers in either reading or math in Florida. Similarly, Constantine, et al. (2009) , employing data from 20 districts in which students were randomly assigned across pairs of traditionally prepared and alternatively certified teachers, find no differences in teachers' ability to promote student achievement.
Studies of the impact of in-service professional development on teacher value-added in the general student population are even more infrequent. Harris and Sass (2008) find mixed evidence on the effect of professional development course taking on the ability of teachers to increase student achievement in Florida. Professional development is positively associated with teacher effectiveness in some grades and subjects but not in others. There is also variability across types of professional development (content vs. pedagogy) and the timing of when the professional development is received, though no clear patterns emerge. Jacob and Lefgren (2004) exploit a "natural experiment" that occurred in the Chicago public schools where the level of professional development was based (exogenously) on prior school-level average test scores. Jacob and Lefgren are not able to distinguish the specifics of the professional development that teachers received, however. They find no significant impacts of the professional development on teacher effectiveness in either math or reading instruction.
Special Education Programs and Student Achievement
A handful of studies analyze the impact of special education programs on the achievement of students with disabilities. Hanushek et al. (2002) investigate the effects of participation in special education programs using statewide individual-level data from Texas. They find that special education boosts the achievement of students with disabilities. An older study by Reynolds and Wolfe (1999) examined a much smaller sample of 1,200 children from low-income families in Chicago. They found children with learning disabilities benefited less from special education services than did children with other kinds of disabilities. More recent work by Blackorby et al. (2005) , using data from the Special Education Elementary Longitudinal Study (SEELS), finds that students who spend most of their day in regular education classrooms tend to perform better on standardized tests. Similarly, students requiring accommodations tend to perform worse on exams than do other children with disabilities who do not receive accommodations. However, these differences likely reflect unmeasured characteristics of the students rather than the efficacy of placements or accommodations per se. Although these studies provide evidence on the efficacy of special education programs in general, none of them investigates the role that teachers play in promoting the achievement of students with disabilities.
Special Education Teacher Training and Classroom Practice
While there have been no studies that directly estimate the effects of pre-service education or in-service professional development on a teacher's contribution to achievement of students with disabilities, a number of studies investigate the relationship between the training of special education teachers and their classroom practice (Algozzine, Morsink, and Algozzine 1988; Sindelar, Daunic, and Rennells 2004; and Nougaret, Scruggs, and Mastropieri 2005) . Using observations of classroom performance and principal ratings, Sindelar et al. (2004) find that graduates of a traditional special education teacher program had superior classroom practices compared to their counterparts from a university-district partnership and from a district "add-on" program. Nougaret et al. (2005) find similar results indicating that traditionally licensed teachers are better than emergency licensed teachers on several dimensions such as planning and preparation, classroom environment management, and instruction.
Although recent evidence suggests a link between classroom practice and teacher value-added (Grossman et al. 2010; Kane et al. 2010 ) among general education teachers, existing studies of classroom practice in special education suffer from some significant shortcomings. First, the samples of observed teachers are generally small (less than 50 teachers) and may not be representative of the larger population of special education teachers. Second, there exists potential selection bias from teachers choosing not to allow observation of their classes. Third, the literature focuses exclusively on special-education teachers, rather than the teachers who instruct special education students. About half of special-education students spend 80 percent or more of their school day in regular education classrooms and only about one-fourth spend 60 percent or more of their day outside regular education classrooms (U.S. Department of Education 2006) . Thus knowing what sorts of training make general education teachers more effective with special education students is crucial. Third, and most importantly, the existing research on special education teachers does not directly connect the education and training of teachers to student outcomes.
Econometric Model and Estimation Strategies
To empirically measure the impact of teacher education and training on student achievement we employ a "value-added" model of student achievement based on the general cumulative achievement models Boardman and Murnane (1979) and Todd and Wolpin (2003) . Student achievement gains for student i in period t, A it , are modeled as a linear function of student/family characteristics, X it , peer characteristics, P -ijmt (where the subscript -i denotes students other than individual i in the classroom), teacher characteristics, T kt (where k indexes teachers), and a vector of school-level inputs for school m at time t, S mt , that include factors such as school leadership Δ 1 and a mean-zero error, ε it :
measures like race/ethnicity, gender and student mobility, as well as indicators for 18 different disability categories.
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Another specification issue that is of particular importance when measuring achievement gains for students with disabilities is the potential for non-uniform growth along the achievement scale.
Whether due to the structure of the scale used to measure student achievement, ceilings/floors in the test instrument or due to non-linearities in the underlying achievement function, expected gains in achievement may be different at different points along the achievement scale. For example, ceteris paribus, the expected achievement gain for a student who starts at the low end of the achievement scale may be different than for a student who begins at the 25 th percentile. This is of particular concern for the population of special education students, many of whom may be functioning at relatively low achievement levels. To address this potential problem we supplement equation (1) with a set of indicator variables representing the decile of the achievement distribution in which a student's prioryear achievement-test score fits.
There are some particular challenges in estimating such value-added models for students with disabilities. Foremost is the fact that students with disabilities often take regular education and special education courses in the same subject at a point in time. This makes it difficult to determine who is responsible for instruction. For example, an elementary school student may participate in daily 2 In preliminary analyses we also estimated student achievement models that control for unobserved timeinvariant student/family characteristics by replacing time-invariant (or quasi-time invariant) student characteristics with student fixed effects. Given our decision to stratify the estimation samples by course taking pattern (see below), the estimates of the determinants of student achievement were very imprecise, particularly for the cases in which students receive some instruction outside of regular education courses. In such cases identification of the effects of teacher credentials comes from students who have the same course taking pattern in a subject for two or more years and who encounter teachers with different characteristics. Given that course-taking patterns can vary over time (e.g. a student may be pulled out for math in one year, but not the next) and students who do maintain the same course taking pattern are likely to encounter the same special education teachers multiple times within a given school type (elementary/middle/high), it is not surprising that the student fixed effects results are generally imprecise.
language arts instruction time in the regular education classroom with one teacher but also be pulled out for extra help in reading two or three times a week with another teacher. down by grade level and by subject. In all but middle school English-Language Arts, the modal pattern is taking one or more subject-relevant regular education courses from a single teacher and no special education courses in the subject. At the elementary school level the second most common pattern is having one teacher for regular education courses in the subject and another teacher for special education courses in the subject, with nearly 20 percent of students falling into this category. In middle and high school there tends to be less mainstreaming, with fewer than 10 percent of special education students having both a single teacher in subject-relevant regular education courses and a single teacher in subject-relevant special education courses. The third most common category includes students who take special education courses in the relevant subject from a single teacher and do not participate in any regular education courses in the subject. About 1/6 th of elementary students with disabilities fall into this category. The proportion grows to roughly 1 in 5 in middle and high school. While there are significant numbers of students who have more than one teacher in regular education courses or more than one teacher in special education courses, the proportions are not large at the elementary level.
The problem of multiple teachers is more acute in high school where students are more likely to be taking multiple courses in a subject, such as two regular education math courses or one remedial math class and one regular algebra class.
Another problem related to the course taking patterns of students is the issue of non-random assignment across different types of courses. As illustrated in Table 2 , students with disabilities who take only regular education courses tend to have higher achievement (about one-third of a standard deviation below the population mean for all students) than students who take a mix of regular education and special education courses (0.9 standard deviations below the mean achievement level) and those that take special education courses in the relevant subject exclusively (1.3 standard deviations below the mean). There are also marked differences across classroom settings in the types of disabilities that students possess. Over 25 percent of students with disabilities who receive subjectrelevant instruction only in regular education classrooms have speech or language disabilities, whereas less than five percent of students with disabilities students that receive some of their subject-area instruction in special education classes possess speech or language disabilities. In contrast, two percent of students with disabilities who receive subject-relevant instruction only in regular education courses are intellectually impaired whereas 13 percent of students who receive math or reading instruction solely in special education courses possess intellectual disabilities. Similarly, 20 percent of students who receive subject-relevant instruction only in special education classrooms have a social/emotional disability whereas only 10 percent of students with disabilities who receive some subject-area instruction in regular education classrooms are classified as having social or emotional disabilities.
To deal with the dual problems of multiple instructors and non-random course-taking patterns, we pursue the following strategy. First, we limit our analysis to students who have at most one teacher for their regular education coursework and one teacher for their special education coursework. This eliminates students taking multiple regular education or special education courses taught by different teachers (designated as having 2+ teachers in Table 1 ). It also eliminates students in co-taught classes (which are included in the "Single Teacher Cannot be Identified" category in Table 1 ). 3 However, it allows us to clearly identify the instructor responsible for regular education coursework and for special
education coursework. Further we analyze each of the three resulting course-taking patterns (regular education from one teacher and no special education courses, special education from one teacher and no regular education courses, regular education from one teacher and special education from one teacher) separately. This avoids the problems of non-random assignment to courses and facilitates comparisons of the effectiveness of teacher training in different environments.
There is also a potential for selection bias if students with disabilities are not randomly assigned among teachers within a given course taking pattern. For example, if students with disabilities who exclusively attend regular education courses are more likely to be assigned to teachers with strong special education credentials and there are negative peer effects among students with disabilities in a classroom, this could impart a downward bias on the estimated impact of special education training on teacher effectiveness. 4 Similarly, if more severely impaired students are more likely to be placed with regular education teachers with strong special education credentials, the measured effectiveness of such teachers would understate their true effectiveness. We adopt three strategies to mitigate any such bias. First, we control for student heterogeneity by employing very detailed disability categories as controls. Second, we include indicators for deciles of prior-year student achievement. Third, we include the proportion of classroom peers with disabilities as an additional control.
Data
One of the primary factors limiting quantitative research on the effectiveness of special education teachers is the difficulty involved in matching students with disabilities and their teachers. Since students with disabilities often have multiple teachers, even in elementary school, the information required to determine the teachers responsible for instruction are typically not available. To overcome this obstacle we employ a unique statewide database from Florida. The Florida Education Data Warehouse (FLEDW) contains individual-level longitudinal data for the universe of public school students and teachers in the state from 1995 forward, including about 400,000 special education students each year. While statewide longitudinal databases exist in North Carolina and Texas and the SEELS data provide information on a sample of students nationwide, the Florida data are unique in that students and teachers can be linked to specific classrooms at all grade levels, K-12. 5 Furthermore, the Florida data contain the entire enrollment record for each student, including the minutes per week spent in each classroom. Thus we can determine each and every teacher a student is exposed to and time spent with each. Also, each teacher of record is indicated so we can distinguish courses that are co-taught by a regular-education teacher and a special-education teacher.
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Another limitation to value-added analysis in special education is a lack of test scores for some students. While the vast majority of students with disabilities participate in statewide achievement exams, about four percent of students with disabilities in Florida are exempted. The proportion of special education students who are exempted varies widely across districts with some having exemption rates as high as 16 percent. 7 Similarly, certain categories of students with disabilities, such as those with cognitive impairments are more likely to be exempted from testing. For students who take standardized tests each year we use student test-score gains, on the Stanford Achievement Test (known as the The SEELS data do link information on students and teachers and also contain a rich set of variables measuring the student's family environment. However, the data only include test scores at two points in time, thereby precluding the use of student fixed effects to control for unobserved student heterogeneity. 6 Not only are each classroom and teacher identified, but "pull-out" sessions with speech-language pathologists (SLPs) are assigned separate course identifiers and each SLP has an employee identifier so we can also determine the exposure to SLPs for students with speech/language impairments. In the present analysis, however, we simply exclude all academic courses taught by someone other than a teacher (these are included in the "Teacher Cannot be Idenified" category in Table 2 ). Other related service providers, such as occupational therapists, are identified in the data but are not linked to specific courses. Another challenge to estimating the impact of teachers on educational outcomes for students with disabilities is separating out the influences of teachers and peers on individual achievement. One of the premises behind the IDEA's requirement that students be educated in the "least restrictive environment" is that students with disabilities can benefit from being exposed to non-disabled peers.
Thus to evaluate the effectiveness of teachers one must also account for the composition of peers within a classroom. Fortunately, since the FLEDW contains data on all public school students within Florida and identifies each course they take we can measure classroom peer characteristics along multiple dimensions, including mobility, race/ethnicity, gender and age. Weighted peer variables are constructed based on the time a student spends in each subject-relevant classroom.
Not only is the FLEDW a rich source of student information, it also provides a wealth of information on teachers as well. For each Florida public school teacher the FLEDW provides their basic demographic characteristics (age, sex, race/ethnicity) and years of teaching experience. The FLEW also provides data on each teacher's certification status (professional or temporary), subject area certification (eg. special education) and whether they possess an advanced degree. (FCAT-SSS) . The FCAT-SSS is a criterion-based exam designed to test for the skills that students are expected to master at each grade level. The FCAT-SSS was given in consecutive grades beginning in 2000/01 and thus provides one less year of data. However, we run most of the analyses presented in the paper using FCAT-SSS data and obtain very similar results.
instruction. We can therefore precisely measure the amount and type of professional development each teacher receives. For the sub-sample of Florida public school teachers who attended a Florida public community college or university since 1995 the FLEDW contains their complete transcript information, including each course they took and the degrees they earned. We can therefore quantify the number and types of teacher preparation courses taken. 9 Because Florida has a uniform course numbering system, we are able to create variables that describe each course according to its content. In particular, we can distinguish special education courses form other teacher preparation courses.
Results
Initial estimates of the student achievement model are presented in Table 3 . 10 Like previous results for the general student population (Harris and Sass 2008; Jacob and Lefgren 2004; and Glazerman et al. 2009 ), we find no systematic evidence that participation in special education in-service professional development (PD) has a positive effect on a teacher's ability to enhance gains in achievement for students with disabilities. In only 3 of 32 possible cases (current plus 3 lags of PD x 2 teacher types x 2 subjects x 2 models) is there a positive and significant correlation between special education PD and student achievement gains. The only category in which there is some evidence of consistent positive effects of special education PD is for reading teachers in regular education classrooms instructing students who do not also receive reading instruction in a special education classroom. There the 9 We have no information on courses taken at private universities in Florida or courses taken at public or private institutions of higher education outside of Florida. Similarly, we do not possess information on any course work prior to 1995. To minimize problems associated with missing coursework information, we treat the number of college credits as missing if the teacher did not graduate from a public university in Florida in 1995 or later. 10 We also estimated models with partial persistence in prior achievement, i.e. models with current achievement on the left hand side and prior-year achievement on the right hand side. Given our inclusion of prior-year achievement deciles in the achievement gains models, the partial-persistence models produced similar results.
estimates indicate that special education PD received three years in the past has a small positive impact on student achievement gains.
Similar to research on regular education students, we find that on-the-job training gained through experience has positive effects on the productivity of teachers who instruct special education students. As with prior research on the general education population, our results indicate that achievement gains for special-education students tend to rise with the experience of their teacher and the largest gains from experience occur early in a teacher's career. However, in math, the gains from experience appear to be somewhat smaller for teachers of special education courses compared to teachers of regular education courses. With regards to reading, the payoff for experience beyond the first few years appears to be less for teachers of special education courses than for teachers of regular education courses.
While our estimates of the effects of formal in-service professional development and in-formal training acquired through on-the-job experience are generally similar to findings from the general education literature, we uncover some interesting differences with respect to the attainment of advanced degrees by teachers. Prior studies of the general student population generally find little support for the notion that attainment of advanced degrees enhances teacher productivity in promoting achievement among regular education students. 11 In contrast, we find that special education students who receive all of their math instruction in a regular education course exhibit greater achievement gains when their teacher holds an advanced degree. Likewise, for students who receive some or all of their math instruction in a special education course, achievement gains are higher when their teacher holds a post-baccalaureate degree. We also find a positive and significant correlation between student achievement gains in reading and advanced degree attainment in cases where students receive all of their instruction in a special education course. The positive effects of advanced degree attainment could be due to differences in the impact of post-graduate training on teaching special-education students vis-à-vis regular-education students. Alternatively, it may be the case that the content of postbaccalaureate degrees earned by teachers of special education courses is different from the content of graduate coursework of teachers who teach regular education courses. We explore this issue further below.
Finally, we consider the effects of pre-service preparation of teachers instructing students with disabilities. In the model used to produce the estimates presented in Table 3 , special education certification is used as a proxy for the pre-service preparation of teachers. Typically teachers who achieve certification in special education either majored in special education in college or completed substantial coursework in special education prior to teaching. 12 For teachers of special education reading courses we find a positive and statistically significant relationship between special education certification and reading achievement. The effects are roughly equivalent to the difference in productivity between a rookie teacher and one with 1-2 years of experience. We also find a somewhat smaller, but still statistically significant, positive effect for teachers of special education math courses, but only for those students who receive instruction in both regular and special education courses. The relationship between special education certification and the ability of instructors in regular education courses to promote achievement gains for students with disabilities is much weaker. Only in the case of reading achievement among students who take both regular and special education courses relevant to reading do we observe a positive and statistically significant relationship between special education certification and the achievement gains of students with disabilities.
In order to better understand the relationship between pre-service training and the productivity of teachers instructing students with disabilities, we re-estimated the student achievement model, replacing special education certification with various direct measures of pre-service training, including hours of special education coursework and degrees obtained. While these variables provide a more precise measure of pre-service training, they also suffer from two limitations. First, we possess only transcript information for teachers who attended public universities in Florida. Thus our pre-service measures do not capture special education coursework completed in private universities in Florida or in public universities in other states. Second, we do not have information on the pre-service preparation of older special education teachers, as the available college transcript information begins in 1999. Thus use of college coursework or degree attainment reduces the size of our analysis sample by roughly 80 percent.
The first panel of Table 4 reproduces the estimates of special education certification effects from Table 3 and the second panel provides estimates of the same model on the sub-sample teachers for which college transcript information is available. The estimated effects of special education certification for teachers of special education reading courses remain positive and statistically significant and are roughly twice the magnitude of the full-sample estimates. In contrast, the insignificant effects of special education certification for teachers of regular education courses in the full sample are negative and statistically significant in the reduced sample.
It seems unlikely that the negative correlation between special education certification and student achievement gains of students with disabilities in regular education classrooms represents any sort of causal mechanism; it is hard to imagine why pre-service training in special education would lower a teacher's productivity. There are two likely explanations. First, it may simply be the case that there are relatively few special-education-certified teachers teaching regular education courses and what we are measuring are really idiosyncratic effects of that small number of teachers. Roughly eleven percent of regular education classroom teachers in the full sample hold a certification in special education (see Table 2 ). Given the full sample includes approximately 50,000 teachers who teach regular education courses, this implies that about 2,200 of them hold a certification in special education. In contrast, the college-transcript sample includes about 8,400 teachers of regular education courses, eight percent of which (about 670 teachers) are special education certified. It is also possible that we are observing a bias caused by sorting of teachers. Billingsley and Cross (1991) find that the stress of working with students with special needs and the lack pupil progress relative to effort expended are common reasons for teachers to switch from special to regular education. Thus the negative correlation between special education certification and the performance of regular education teachers instructing students with disabilities could indicate that these teachers no longer enjoy teaching special education students or are not particularly effective in teaching students with disabilities.
The remaining four panels of Table 4 represent specifications that replace special education certifications with more direct measures of pre-service training: number of credits completed in exceptional childhood education, obtaining one's first bachelors degree in special education, obtaining any bachelors degree in special education and possessing an advanced degree in special education. The amount of coursework in special education, obtaining one's first bachelor's degree in special education or having a bachelor's degree in special education among all undergraduate degrees is positively associated with learning gains in reading for students enrolled in special education courses who are also enrolled in a regular education course. There is also a marginally significant positive correlation between college coursework in education and achievement gains for students in special education who are also receiving math instruction in a regular education course. Finally, we obtain mixed results for advanced degrees in special education. Recall that the model includes an indicator for attainment of any type of advanced degree, so the indicator for advanced degrees in special education represents the differential between holding a post-baccalaureate degree in special education and an advanced degree in some other major. For math, teachers of special education courses who hold an advanced degree in special education are more effective in promoting achievement among students who do not take any regular education math courses than are teachers with an advanced degree in some other subject. Just the opposite is true for reading teachers serving the same population; those who hold an advanced degree in special education are about as productive as a teacher who holds no advanced degree.
Summary and Conclusions
This is the first study to quantify the relationship between teacher training and the achievement of students with disabilities. Although some of our findings are consistent with past research on the general population of students and teachers, we uncover some important differences for the subpopulation of students with disabilities and their teachers.
Consistent with research on regular education students, we find that in-service professional development for teachers has little effect on their ability to increase the achievement gains of students with disabilities. This suggests current expenditures on professional development might be more efficiently used in other ways to enhance teacher quality and promote student achievement. Further, as with teachers serving the general student population, value added increases with the first few years of experience. Thus there are potential gains from reducing attrition among early-career special education teachers.
While past research on the achievement of students in the general population has found little or no correlation between advanced degree attainment of teachers and the performance of their students, students in special education courses have higher achievement gains when their teacher holds a postbaccalaureate degree. The effects are particularly strong in the case of reading achievement.
We also find differences in the efficacy of pre-service education between regular and special education. Research on general education students and their teachers consistently finds that teacher effectiveness is unrelated to the type of pre-service education they receive. In prior research, neither specific coursework nor type of college degree seems to influence the performance of teachers serving general education students. In contrast, we find that for reading instruction, teachers of special education courses are more effective if they have pre-service training in special education. This is true whether we measure training by hours of coursework, attainment of a bachelor's degree in special education or by certification in special education. This suggests that reducing certification requirements for special education teachers via alternative certification programs may be counterproductive. Note: Models include the following time varying student/class/school characteristics: number of schools attended by the student in the current year, "structural" move by student, "non-structural move" by student, indicators for race/ethnicity of student, gender, free-lunch status, limited-English proficiency, indicators for primary disability category, weighted class size, weighted fraction of classroom peers who are female, weighted fraction of classroom peers who are black, weighted fraction of classroom peers who are Hispanic, weighted average age (in months) of classroom peers, weighted fraction of classroom peers who changed schools, indicator for a new school, indicator for a new principal at a school, principal's years of administrative experience and principal's experience squared. All models also include grade-by-year indicators. * indicates statistical significance at the .10 level and ** indicates significance at the .05 level and *** indicates significance at the .01 level in a two-tailed test. 
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